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SULFONAMIDE COMPOUNDS AS OPIOID K-RECEPTOR AGONISTS 
Technical Field 

This invention relates to novel sulfonamide compounds and their pharmaceutically 
acceptable salts, and to phannaceutical compositions for the treatment of pain, asthma, 
5 scabies, psoriasis vulgaris, inflammation, in a mammalian subject, especially a human 
subject. 

Background Ait 

Previously the analgesics, such as morphine, were therapeutically used but their 
usage was stricdy limited because of their side effects such as drug dependency. Thus the 

10 analgesics with high usefulness and no drug dependency have been desired. On the other 
hand, a lot of pharmacological and biochemical studies have been carried out to discover the 
opioid peptides and opioid receptors. Especially the discovery of the subtype of opioid 
receptor such as ^, 5, k at a peripheral nerve in a variety species including human made a 
beginning towards creating new analgesics. As it is thought that opioid analgesics such as 

15 morphine act as a ^-receptor agonist, separating the action based on K-receptor agonist from 
the action based on ^-receptor agonist has been tried. Recently K-selective agonists are 
reported from the above viewpoint for exaiiq)ie, EMD-60400: A. Barber et al., Naunyn- 
Schmled. Arch. Pharmacol., 345 (SuppL): Abst 456. Some of them actually have been 
appUed to clinical trial (Med. Res. Rev., 12, 525 (1992)). 

20 Even using selective K-receptor agonists, when high doses are adopted, side effects 

such as hallucination, sedation are observed. Therefore the search for excellent analgesics, 
which have selectively efficacy at peripheral nerve together with high therapeutic coefficient, 
has been pursued. 

The object of the present invention is to provide the novel sulfonamide compounds 
25 with peripheral nerve selective analgesic activity. These sulfonamides show strong k- 
receptor agonist activity but weak ^-receptor agonist activity. Another object of the present 
invention is to provide the pharmaceutical composition containing the novel sulfonamide 
compounds for pain, asthma, scabies, psoriasis vulgaris, inflammation, the treatment of 
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congestive heart failure or hypertension, in a maxnmalian subject, especially a human subject. 

In consideration of the above, the inventors made an effort in order to create novel 

analgesics with bigb therapeutic coefficient. 

Brief Disclosure of the Invention 

5 The present invention provides novel sulfonamide coiiqx)unds of the formula t 

R = 
1 A 



II 

6 



(C 

and the phannaceutically acceptable salts thereof, 

wherein Ri is hydrogen, hydroxy, Cj-Cg alkoxy, triCCj-Q alkyl)silyloxy or acyloxy; 
10 R2 is Ci-Q alkyl; and 

At is optionally-sustituted aryl. 

The conqx)unds of the formula I show pharmacological activity as k receptors 
agonists in mammals, including humans. Therefore they are useful as analgesic agents in 
mammals, including humans. 

15 Accordingly, this invention also provides pharmaceutical conq)OSitions, useful for 

treating or preventing pain in a mammalian subject, especially a human subject, which 
conqjrise a conqx)und of the formula I and a pharmaceutically-acceptable carrier or diluent. 
Yet further, this invention provides a method for treating or preventing pain in a mammalian 
subject, especially a human subject, which comprises administering to said mammalian 

20 subject an analgesically-effective amount of a compound of the formula I. 

Detailed Disclosure of the Invention 

In this specification, 

the term "alkyl" is used to mean straight or branched hydrocarbon chain radicals 
including, but not limited tO; methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, t-butyl. 
25 and the like; 

the term "alkoxy** is used to mean -OR (R is alkyl) including, but not limited to. 
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methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy, t-butoxy and the like; 

the term "acyl" is used to mean C2-C5 alkanoyl, benzoyl or benzoyl having one 
substitutent selected from Cj-Q alkyl, Cj-Q alkoxy, Co-Q alkenyU Cj-Cg fluorinated alkyl 
(such as fluoromethyl, difluoromethyl or trifluoromethyl), benzyl, pyridylmethyl, halogen 
5 (i.e., fluorine, chlorine, bromine or iodine), hydroxy, carboxy, Cj-Q alkoxycarbonyl, Cj-Q 
alkanoyl, Cj-Q alkanoyloxy, alkanoylthio, C2-C^ alkanoylamino, carbamoyl, cyano, 
nitro, mono (Ci-Q alkyl)amino, diCCi-Cg alkyl)amino, amino, Cj-Cg alkylsulfonylamino, 
mercapto, Ci-Q alkylthio, Ci-Q alkylsulfinyl, Cj-Q alkylsulfonyl, phenyl and phenoxy; 

the term "optionally-substituted aryl" is used to mean aromatic radicals such as 

10 phenyl, pyridyl, quinolyl, thienyl, furyl, oxazolyl, tetrazolyl, thiazolyl, imidazolyl and 
pyrazolyl, and their ring-fused derivatives (e.g., benzo-fused derivatives), optionally 
substituted by at least one substituent selected from Cj-Q alkyl, Cj-C^ alkoxy, Cj-Q 
alkenyl, Cj-Q fluorinated alkyl (such as fluoromethyl, difluoromethyl or trifluoromethyl), 
benzyl, pyridylmethyl, halogen (i.e., fluorine, chlorine, bromine or iodine), hydroxy, carboxy, 

15 Cj-Q alkoxycarbonyl, Cj-Q alkanoyl, Cj-Q alkanoyloxy, Cj-C^ alkanoylthio, Cj-C^ 
alkanoylamino, carbamoyl, cyano, nitro, mono (Ci-Cg) alkylamino, di(Ci-C5) alkylamino, 
amino, Cj-Cg alkylsulfonylamino, mercapto, Cj-Cg alkylthio, Ci-Q alkylsulfinyl, Cj-Q 
alkylsulfonyl, phenyl, phenoxy and the like. 

However, preferred optionally-substituted aryl groups are phenyl, naphthyl, mono- 

20 substituted phenyl and mono-substituted naphthyl, wherein the substituent is selected from 
Cj-Q alkyl, Cj-Cg alkoxy, halosubstituted (Cj-Q) alkyl, halosubstituted (Cj-Q) alkoxy, 
Cj-Cg alkylsulfonyl, nitro, di (Cj-C^ alkylamino, mono(Ci-C6) alkylamino monoacylamino, 
mono (Ci-Q) alkylsulfonylamino and amino. 

A preferred group of compounds of this invention consists of the compounds of 

25 formula I, wherein Ri is hydrogen or hydroxy; R2 is methyl; and Ar is phenyl, naphthyl or 
substituted phenyl wherein the substituent is 2-chloro, 2-iodo, 2-nitro, 2-amino, 2- 
dimethylamino, 2-acetylamino, 2-metiiansulfonylamino, 3-bromo, 3-methoxy, 3-chloro, 4- 
chloro, 4-fluoro, 4-methyl, 4-nitro, 4-trifluoromethyl, 4-cyano, 4-metiioxycarbonyl, 4- 



wo 94/18165 PCT/JP94/00118 

-4- 

methansulfonyl, 4-trifluoromethoxy, 2,3-dichlor6, 2,4-clichloro, 2^-dichloro, 2,6-dichloro, 
3,4-dichloro, 3,5-ciichloro, SAdifluoro, 3^-difluoro or 2,3,6-trichloro. 
Preferred individual compounds of the invention are 
N-2-(3-hydroxypyrroUdin- 1-yI)- l-phenylethyl-N-methyl-(3,4- 
5 dichlorophenyl)niethanesulfonamide; 

N-[2-(3-hydroxypyrrolidin-l-yl}-l-phenylethyl]-N-methyl (2,3- 
dichlorophenyl)methanesulfonamide; 

N-[2-(3-hydroxypyrrolidin-l-yl)-l-phenylethyl]-N-methyl (2,4- 
dichlorophenyl)meifaanesulfonaimde; 

10 N-[2-(3-hydroxypyrTolidin-l-yl)-l-phenylethyl]-N-methyl (3.4- 
difluorophenyl)methanesulfonaniide; 

N-[2-(3-byd[roxypyrrolidin-l-yl)-l-phenylethyl]-N-methyl-(4- 
methylphenyOmethanesulfonamide; and 

N-[2-(3-hydroxypyrrolidin- 1-yl)- l-phenylethyl]-N-inethyl-(4- 
15 trifluoromethylphenyOmethanesulfonamide. 

The sulfonamide compounds of the present invention can be used in the form of the 
inorganic salts with acid such as hydrochloric acid, hydrobromic acid, sulfonic acid, nitric 
acid, phosphoric acid and the like and the organic salts with acid such as acetic acid, formic 
acid, benzoic acid, oxalic acid, succinic acid, fumaric acid, citric acid, alkylsulfonic acid. 
20 The sulfonamide compounds of this invention possess at least one asymmetric center, 

and they are capable of occurring in various isomeric forms. The present invention includes 
all such forms within its scope. The individual isomers can be obtained by methods well 
known to those skilled in the art, e.g., by fractional crystallization, asymmetric synthesis and 
the like. Hence, when those skilled in the art use the compounds of this invention, they may 
25 choose any desired isomers such as optical isomers or diastereomers, or mixtures thereof. 

The following standard methods well known to those skilled in the art can be used in 
order to obtain the compounds of the present invention. 

For example, as shown in Equation 1, they can be synthesized by reacting the 
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secondary amine (A) with the sulfonyl chloride (B) in an adequate solvent. A base such as 
triethylamine. pyridine, lutidine or potassium carbonate can be added to the reaction, if 
desired. 
Equation 1 

'^N^'^V^'^" (B)ArCH aSOaCI 



10 



20 



O 




(A) 



(I) 



A solvent which does not react with the reactants or product is preferable. Dichloromethane. 
tetrahydrofuran (THF). dimethylformamide (DMF). toluene are examples of such a solvent, 
nie base per se is also used as a solvent. Temperatures from room temperature to the 
reflux temperature of the solvent can be used, but the preferable range is from 15 to 100 X. 
The progress of the reaction is easily monitored with thin-layer chromatography (TLC). 
The reaction time is in general from few minutes to several hours. The secondary amine 
(A) can be synthesized in accordance with the method in the literature (A. Baiter et al., 
Naunyn-Schmled. Arch. Pharm.. 345 (Suppl.): Abst 456 and EP 260041). while the sulfonyl 
chloride (B) is eiOier commercially available or it can be obtained in the simUar manner to 
15 the method in the following literature. Halogen substitution reaction of sulfonic acid salt P. 
D. BarUett and L. H. Knox. Org. Synth. Col. Vol. V. 196 (1973); reaction of sulfmic acid 
with halogen: F. Asinger. P. Laue and B. FeU. Chem. Ber.. 100. 1696 (1967); reaction of 
Grignard agent with sulfiiryl chloride: S. N. Bhattacharaya. C. Eabom and D. R. M. Walton. 
J. Chera Soc. C. 1265 (1968); halogenation reaction of thiol derivative: I. B. Douglass and T. 
B. Johnson, J. Amer. Chem. Soc. 60. 1486 (1938) and F. Cortes. Org. Synth. Col. Vol. H. 
564 (1943). 

On tiie otiier hand, as shown in Equation 2. the sulfonamide I can be synUiesized by 
condensation of the secondary amine (A) with the sulfonic acid (C) in an adequate solvenL 
A weU known reagent for peptide synthesis such as 1.3-dicyclohexylcarbodiimide, diethyl 
25 azodicarboxylate - triphenylphosphine, diphenylphosphoryl azide (J. Amer. Chem. Soc. 94. 
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6203 (1972)) can be used as a condensing agent in this reaction. Also in this reaction the 
activation of sulfonic acid part by l-hydroxybenzotriazol can be carried out in advance if 



desired (Chem. Ber., 103, 788, 2024 (1970), J. Amer. Chem. Soc, 93, 6318 (1971) and Heiv. 
China. Acta, 56,717(1973)). 



A solvent in this reaction which does not react widi the reactants or product is 
preferable. Dichloromethane, THF, DMF and toluene are examples of such a solvent. 
Temperatures from room ten5>erature to the reflux tenq)erature of the solvent can be used, 

10 but the preferable range is from 15 to 100 'C. The progress of the reaction is easily 
monitored with TLC. The reaction time is in general from few minutes to several hours. 

The compounds of this invention can be isolated from the reaction mixture and purified 
with the well known method to those skilled the in the art, e.g., recrystallization and column 
chromatographic separation. 

15 The measurement of the binding capacities and affinities in vitro of the conqwunds of 

the present invention at p., 5 and K-receptor site are measured by using membrane 
suspensions from guinea-pig brain san5>le according to A. L. Regina et al.'s method (J. 
Recept. Res., 12, 171-180 (1992)). The con^unds of the present invention showed the 
excellent IC50 values at K-receptor. For example, the K-affinity range of values of the 

20 compounds of Examples 1 and 2 was 1.4 nM-L3 \iM and ^-affinity range was more than 
hundred times weaker than K-range. The analgesic activity in vrvt> was estimated by S. 
Hunskaar et al.'s formaline test described in J. Neurosci. Methods, 14, 69-76 (1985). The 
compounds of the present invention had a good ED5Q values. For example, the range of 
values of the conqwunds in Exanq)les 1 and 2 is 0.1-10 mg/kg (i. p.). 

25 On the other hand, the sedative effect of the compounds of the present invention, which 



5 



Equation 2 




(A) 



(I) 
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is thought of as a side effect of opioid analgesic, was measured using the rat rotor rod test 
(W. T. Kinnard JR. and C. J. Carr, J. Phannac. exp. Therap., 121, 354 (1957)). Surprisingly, 
the conqx)unds oif the present invention are significantly less active as sedatives than EMI> 
60400 (A. Barber et al., Naunyn-Schmled. Arch. Pharmacol., 345 (Suppl.): Abst 456). 
5 As. mentioned above, the conqwunds of the present invention have excellent selective 

K-agonist activity and in addition reduced the side effects such as sedative effect. 

Consequently the novel sulfonamide compounds of formula (I) and their 
phannaceutically acceptable salts are useful for treatment of the diseases based on k- 
receptor e.g., pain, asthma, scabies, psoriasis vulgaris, inflammation, congestive heart failure 
10 or hypertension in a variety of mammalian species including man. In general, for the 
alleviation of pain in a human subject, these conpDunds or pharmaceutically acceptable salts 
may be administered in doses ranging from 0.2 to 500 mg per day, preferably from 1 mg to 
300 mg per day, in single or divided doses. Variations will occur depending upon the weight 
and condition of the subject being treated and the particular route of administration chosen, 
15 as well as on the type of phannaceutical formulation chosen and the time period and interval 
at which such administration is carried out 

The novel sulfonamide conqwunds or pharmaceutically acceptable salts of the present 
invention may be administered alone or in combination with phannaceutically acceptable 
carriers or diluents either orally, parenterally or topically and such administration can be 
20 carried out in single or multiple doses. More particularly, the novel therapeutic agents of the 
invention can be administered in a wide variety of different dosage forms, i.e., they may be 
combined with various pharmaceutically acceptable inert carriers in the form of tablets, 
capsules, lozenges, troches, hard candies, powders, sprays, creams, salves, suppositories, 
jellies, gels, pastes, lotions, ointments, aqueous suspensions, injectable solutions, elixirs, 
25 syrups and die like. Such carriers include solid diluents or fillers, sterile aqueous media, 
various non-toxic organic solvents, etc. Moreover, oral pharmaceutical compositions can be 
suitably sweetened and/or flavored. In general, the therapeutically-effective compounds or 
pharmaceutically acceptable salts of this invention are present in such dosage forms at 
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concentration levels ranging from 5 to 70% by weight. 

For oral administration, tablets containing various excipients such as microcrystalline 
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be 
employed along with various disintegrants such as starch and preferably com, potato or 
5 tapioca starch, alginic acid and certain complex silicates, together with granulation binders 
like polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such 
as magnesium stearate, sodium lauryl sulfate and talc are often very useful for tabletdng 
purposes. Solid con5)ositions of a similar type may also be enq)loyed as fillers in gelatin 
capsules. Preferred materials in this connection also include lactose or milk sugar as well as 

10 high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are 
desired for oral administration, the active ingredient may be combined with various 
sweetening or flavoring agents, coloring matter or dyes, and, if so desired, emulsifying 
and/or suspending agents as well, together with such diluents as water, ethanol, propylene 
glycol, glycerin and various like combinations thereof. 

15 For parenteral administration, solutions of the sulfonamide con:^X)unds or 

pharmaceutically acceptable salts of the present invention in either sesame or peanut oil or in 
aqueous propylene glycol may be employed. The aqueous solutions should be suitably 
buffered if necessary, and the liquid diluent first rendered isotonic. These aqueous solutions 
are suitable for intravenous injection purposes. The oily solutions are suitable for intra- 

20 articular, intra-muscular and subcutaneous injection purposes. The preparation of all these 
solutions under sterile conditions is readily accon^lished by standard pharmaceutical 
techniques well-known to those skilled in the art. 

Additionally, it is also possible to administer the compounds or pharmaceutically 
acceptable salts of tiie present invention topically to an affected part such as tiie skin and this 

25 may preferably be done by way of creams, jellies, gels, pastes, ointments and the like, in 
accordance witii standard pharmaceutical practice. 

Examples 

The present invention is illustrated by tiie following examples. However, it should be 
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understood that the invention is not limited to the specific details of these examples. 
Melting points were taken with a Yanako micro melting point apparatus and uncorrected. 
Optical rotations were measured on a JASCO DIP-370 digital poi^irimeter in a 10 cm cell. 
IR spectra were obtained on a Shimadzu IR-470 infrared spectrophotometer. All NMR 
5 spectra were measured in CDQ^ by a JEOL NMR spectrometer (JNM-GX270, 270 MHz for 
^H, 67.5 MHz for ^^C) unless otherwise indicated and peak positions are expressed in parts 
per million (ppm) down field from tetramethylsilane. The peak shapes are denoted as 
follows: s. singlet; d, doublet; t, triplet; q, quartet; m. multiplet; br, broad. 

Example 1 

10 Preparation of N-2'f3-hvdroxvpvrrolidin* l-vIV l'Phenvlethvl'N-methvl-f3.4- 

dichlorophenvDmethanesulfonamide 

(i) 3 ADichlorobenzyl bromide 

After 3,4-dichlorobenzyl alcohol (5.0 g) and HBr water (16 ml) in dioxane (30 ml) was 
stirred at 80 *C for 5 hours* the mixture was poured onto saturated sodium chloride solution 

15 (150 ml). The solution was extracted three times with each 50 ml of ethyl acetate. The 
combined organic layer was washed with saturated NaHCOs and saturated sodium chloride, 
successively and dried. Concentrating the residue gave the light brown oil (8.44 g, quant) 
IH NMR 5 7,48 (d, J = 2.2 Hz, IH), 7.41 (d, J = 8.2 Hz, IH), 7.22 (dd, J = 2.2, 8.2 Hz, IH), 
4.41 (s, 2H). IR (film) 1560, 1469, 1439, 1397, 1260, 1225, 1133, 1034. 899, 819, 705, 688, 

20 632cm-i. 

(ii) Sodium 3,4-dichlorobenzylsulfonate 

The mixture of 3,4-dichlorobenzyl bromide (8.44 g), sodium sulfite (3.55 g), and 
teirabutylammonium bromide (95 mg)in water (25 ml) was stirred at 95 *C for 16 hours. 
After cooling the precipitate was collected by filtration, washed with acetone, ethyl acetate 
25 and ether, successively, and dried to give the tide compound (5.0 g, 75 %). IR (film) 1560, 
1439, 1397, 1260, 1225, 1133, 1034. IH NMR [(€03)280] 5 7.54 (d, J = 1.9 Hz, IH). 7.52 
(d, J = 8.1 Hz, IH). 7.28 (dd, J = 1.9, 8.1 Hz, IH), 3.74 (s, 2H). 

(iii) 3,4-Dichlorobenzylsulfonyl chloride 
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After the mixture of sodium SAdichlorobenzylsulfonaie and phosphorous 
pentachloride was stirred a 80 *C for 1.5 hours, the resulting oily susf)ension was poured 
onto ice-water. Then the mixture was extracted with dichloromethane (260 mi). The 
extract was washed with saturated NaHC03 solution and saturated sodium chloride, 
5 successively and dried over MgS04 to give the product (3.74g. 91 %). mp 48-59 C. IR 
(film) 1471, 1 169 cm-i. iR NMR 5 7.59 (d, J = 2.2 Hz, IH), 7.55 (d, J = 8.5 Hz, IH), 7,34 
(dd, J = 2.2, 8.5 Hz. IH), 4.80 (s, 2H). 

(iv) N-BenzyloxycarbonyKS)-phenylglycyl-3-(S)-hydroxypyrrolidine 
Diethylphosphonyl cyanide (7.67 g) and N-methylmorpholine (4.57 g) was added 

10 dropwise successively to a mixture of 3-(S)-pyrrolidinol (3.28 g) and N-benzyloxycarbonyl- 
(S)-phenylglycine (10.74 g) in DMF (45 ml) at room temperature. The reaction mixture was 
stirred for 20 hours. The mixture was poured onto a mixture of water, ether, ethyl acetate 
and hexane. The separated organic layer was washed with saturated NaHC03 solution, 
diluted HCl solution and saturated sodium chloride solution, successively, dried over 

15 MgS04 and concentrated. The resulting crude product was chromatographed on a silica gel 
column eluting methanol : dichloromethane = 1:50-1:3 to give the product (8.08 g, 61 %). 
m (film) 3410, 1721, 1639 cm-i. IH NMR 8 7.45-7.25 (m, lOH), 6.31 (t-like. J = 7.7 Hz, 
IH), 5.39, 5.35 ( two d's, J = 7.7, 8.1 Hz, IH), 5.15-4.95 (m. 2H), 4.50^.43 (m, IH), 3.8- 
3.0 (m. 4H), 2.0-1.7 (m, 3H). 

20 N-t-butyloxycarbonyl-(S>phenylglycyl-3-(S)-hydroxypyrrolidine was prepared in a 

similar manner to the above by using N-t-butyloxycarbonyl-(S)-phenylglycine and can be 
used for synthesis as a starting material in exanq)le 1 (v). 

la]^25 = 121.8- (MeOH, c = 1.00). IR (nujol) 3380. 1705, 1670, 1640 cm-i. m NMR 
rotamer mixture 5 7.41-7.30 (m, 5H). 5.99 (br d. J = 8.1 Hz, 0.5H), 5.95 (br d, J = 8.1 Hz. 
25 0.5H), 5.37 (br d, J = 8.1 Hz, 0.5 H), 5.33 (br d. J = 8.1 Hz, 0.5H), 4.50^.38 (m, IH), 3.80- 
3.65 (m, 2H). 3.62-3.50 (m, 0.5H), 3.46 (dd, J = 4.4. 13.2 Hz. 0.5H), 3.30-3.22 (m, 0.5H), 
3.11 (br d, J = 12.1,. 0.5H), 2.06-1.84 (m, 2H), 1.81 (br s. IH), 1.41 (s, 4.5H). 1.40 (s, 4.5H), 

(v) N-[2-(3-(S)-t-Butyldimethylsilyloxypyrrolidin-l-yl)-l-(S>phenylethyl]-N-methyl- 
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(3,4-dichlorophenyl) methanesulfonamide 

The product obtained in (iv)(709 mg) in THF (10 ml) solution was added dropwise to 
the mixture of LiAIH4 in THF at room tenq>erature with stirring. After starring for three 
hours at 80 *C, the reaction mixture was cooled down to the room temperature. The 
5 reaction was quenched by adding the mixture of Na2SO4-10H2O. The precipitated salt was 
filtered off and washed with dichloromethane. The filtrate was concentrated azeotropically 
with toluene and acetonitrile and the residual crude product has a following IR spectrum. 
IR (film) 3350, 1674. 1471, 1463, 1252, 1100, 905, 837, 775, 700, 665 cm-i. Then a 
mixture of imidazole (817 mg), t-butyldimehylsilyl chloride (905 mg) in DMF (5 ml) was 

10 added to the crude product and the reaction mixture was stirred at room temperature for three 
hours. The reaction was quenched by adding a saturated NaHC03 solution. The mixture 
was poured onto a mixture of ether, ethyl acetate and hexane. The separated organic layer 
was washed with saturated sodium chloride solution, dried over MgS04 and concentrated. 
The resulting product was adapted the next reaction without further purification. A small 

15 amount of the resulting crude product was chromatographed on a silica gel column eluting a 
mixture of methanol and dichloromethane to give the analytical pure product. IR (film) 
3350, 1472, 1439. 1253, 1105, 905. 836. 775, 701 cm-i. m NMR 5 7,4-7.2 (m, 5H), 4.44- 
4.32 (m, IH), 3.56 (dd, J = 4.4, 11.0 Hz, IH), 3.00 (dd, J = 6.4. 9.5 Hz, IH), 2.82-2.68 (m, 
2H), 2.57 (dt, J = 4.8. 8.1 Hz, IH), 2.38-2.32 (m, 2H), 2.29 (s, 3H), 2.16 (brs, IH). 2.12- 

20 2.00 (m, IH). 1.72-1,60 (m, 2H), 0.89 (s, 9H), 0.06 (s. 6H). 

The sulfonyl chloride (623 mg) obtained in the above (iii) and 4- 
dimethylaminopyridine (586 mg) was added to a solution of the crude product obtained 
above. After stirring for 16 hours at room temperature, the reaction mixture was partitioned 
between saturated sodium chloride solution and dichloromethane. The organic layer was 

25 dried over MgS04, concentrated and chromatographed on a silica gel column eluting with 
ethyl acetate : hexane = 1:40-1:30 to give the analytical pure product (819 mg, 73 %). ^H 
NMR 5 7.5-7.2 (m. 8H), 5.32 (dd, J = 2.0, 10.8 Hz, IH). 4.45-4.35 (m, IH), 4.40 (AB 
quartet, J = 13.6 Hz. 2H). 3.35 (t. J = 12.0 Hz. IH), 3.25-3.15 (m. IH). 2.7-2.6 (m, 2H). 2.5- 
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2.35 (m, 4H). 2.25-2.1 (m. IH). 1.85-1.70 (m, IH). 0.81 (s. 9H). 0.01. -0.01 (two's, 6H). m 
(film) 1470. 1330.. 1250. 1140, 1030. 940, 835, 780. 700. 590 cm-'. 

(vi)N-[2-(3-(S)-bydroxypyiT0lidin-l-yl)-l.(S)-phenylethy]j-N-mctl!yl-(3,4. 
dicbloropbenyl) metbanesulfonamide 

5 IM THF solution of tetrabutylammonium fluoride (2J2 ml) was added to a THF 

solution of the product (704 mg) obtained in (v) (10 ml) at room temperature. After stirring 
for one hour, the mixture was poured onto a saturated sodium chloride solution (50 ml). 
The mixture was extracted three times with ethyl acetate. The combmed organic layer was 
dried over MgS04. concentrated and chromatograpbed on a silica gel column eluting with 

10 methanol : dicbloromethane = 1 :50- 1 :30) to give the tided conqwund (550 mg, 99 %). IR 
(KBr) 3450, 1469. 1398. 1325, 1138. 934. 912, 827. 776, 729, 702. 590 cm-i. iH NMR 5 
7.4-7.3, 7.2-7.14 (m.8H). 5.20 (dd. J =4.0, 11.4Hz, 1H).4.35 (m. IH), 4.31. 4.23 (twod's, 
J = 13.6 Hz, 2H), 3.36-3.24 (m. 2H), 2.84-2.70 (m, 2H). 2.65 (dd. J = 4.0. 12.8 Hz, IH). 
2.50-2.38 (s, 4H). 2.30-2.10 (m, 2H), 1.90-1.70 (m. IH). 

15 The free base product in (vi) was converted quantitatively to the hydrochloride salt by 

treating 4M HQ in ethyl acetate solution. IR (KBr) 3450. 1470. 1335. 1160, 930. 780, 710. 
590 cm-i. Anal. Calcd for C20H24N2CI2O3S HCM/2H2O: C. 49.14; H. 5.36; N. 5.73; S. 
6.56; CI. 21.76: Found: C. 49.18; H, 5.62; N, 5.68; S, 6.35; CI, 21.39. 

Example 2 

2° Preparation of N-r2-f3-fSVhv droxvDvrrolidin-l-vl)-l-fSVnhenvletiivn-N-methvl-f4- 

fluorophenvDmethanesulfonamide 

The tide compound was synthesized in a manner similar to that of Example 1 from 3,4- 

dichlorobenzyl bromide and N-[2-(3-(S)-t-butyldimethylsilyloxypyfrolidin-l-yl)-l-(S> 

phenylethyl]-N-methylamine. IR (film) 3450. 1325 cm-i. iH NMR 5 7.35-7.15 (m, 7H). 
25 7.02-6.96 (m, 2H). 5.18 (dd, J = 4.4. 11.0 Hz. IH). 4.35-4.20 (m, IH), 4.27 (s, 2H), 3.35- 

3.20 (m. 2H). 2.80-2.72 (m, 2H), 2.67 (dd. J = 4.4, 12.5 Hz. IH). 2.48 (s. 3H). 2.50-2.14 (m. 

3H). 1.85-1.75 (m, IH). 

Example 3 
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Preparation of N42-f3-fSVhvdr oxvpviTolidin-l-vlVl-(SVphenvlethvl1-N-methvl-f2- 
nitrophenvnmethanesulfonamide 

The tiOe compound was synthesizeu in a manner similar to that of Exanq)le 1 from (2- 
nitrophenyl)methanesulfonyi chloride and N-[2-(3-(S>t-butyldimethylsilyloxypyiTolidin-l- 
5 yl)-l-(S)-phenylethyl]-N-methylamine. NMR 5 7.98 (dd, J = 1.8, 8.1 Hz, IH), 7.62- 
7.48 (nu 3H), 7.37-7.18 (m, 5H), 5.19 (dd, J = 4.4, 11.0 Hz, IH), 4.94 (d, J = 13.6 Hz, IH), 
4.83 (d, J = 13.9 Hz, IH). 4.32 (brs, IH), 3.34-3.25 (m, 2H), 2.80-2.66 (m, 3H), 2.64 (s. 
3H), 2.40-2.10 (m, 3H), 1.87-175 (m, IH). IR (film) 3450, 1530, 1355, 1330 cm-i. 

Exan:^le 4 

PreparaUon of N-r2-r 3-fSVhvdroxvpvirolidin-l-vn-l-fSVDhenvIethvll-N-methvl-f2- 

aminophenvDmethanesuIfonamide 

The title confound was synthesized by catalytic hydrogeaation of N-[2-(3-(S)-t- 
butyldimethylsilyloxy)pynx)lidin-l-yl)-l-(S)-phenylethyl-N-methy-(2- 
nitrophenyl)metanesulfonainide in Exan5)le 3 as an intermediate using 10 % palladium 
carbon in ethanol according to the usal way, followed by deproiecting t- 
butyldimethylsilyloxy group in a manner similar to that of (vi). IR (film) 3450, 3370, 1325 
cm-i. iH NMR 5 7.38-7.25 (m, 5H), 7.13 (du J = 1.5, 7.7 Hz, IH), 7.01 (d, J = 7.7 Hz. IH), 
6.78-6.72 (m, 2H), 5.34 (dd, J = 3.7, 11.0 Hz, IH), 4.63 (d, J = 13.9 Hz, IH), 4.30 (d, J = 
13.6 Hz, IH), 4.35-4.27 (m,lH), 3.39-3.31 (m,2H), 2.81 (brd, J =9.9 Hz, IH), 2.72-2.64 
20 (m, 2H), 2.54 (s, 3H), 2.30-2.16 (m, 2H), 1.90-1.75 (m, IH). 

Exaii5)le 5 

Preparation of N-f2-f3-(SVhvdroxvpvrrolidin-l-vl)-l-fS)-phenvlethvll-N-methvl f2-rN'-N'- 
dimethvlamino)phenvn-methanesulfonamide 

The title compound was synthesized by dimethylation of N-[2-(3-(S)-t- 
25 butyldimethylsUyloxy)pyrrolidin-l-yl)-l-(S)-phenylethyl-N-methy-(2- 

aminophenyl)methanesulfonamide in Example 4 as an intermediate according to the A. G. 
Giumanini's method (Synthesis. 1980, 743), followed by deprotecdng t- 
butyldimethylsilyloxy group in a manner similar to that of (vi). IR (film) 3450, 1325 cm-i. 
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iH NMR 5 7.63 (br J = 6.6 Hz. IH), 7.39-7.33 (m, IH), 7.21-7.12 (m, 5H), 6.85-6.82 (m, 
2H), 5.05 (dd, J = 4.8, 1 1.0 Hz, IH), 4.76 (d. J = 13.9 Hz, IH), 4.36 (d, J = 13.6 Hz, IH), 
4.25-4.17 (nu IH), 3.35-3.28 (m, IH). 3.18 (dd, J = 1 1.0. 12.2 Hz. IH), 2.80 (br d, J = 9.2 
Hz. IH), 2.72-2.59 (m, 2H). 2.61 (s, 3H). 2.45 (s, 6H). 2.23-2.06 (m, 3H), 1.85-1.75 (m, IH). 
5 Example 6 

Preparation of N-r2-f3-fS)-hvdroxvpvn-olidin-l-vlVl-(S>phenvlettivn-N-methvl-f3,4- 
difluorophenvDmethanesulfonamide hydrochloride. 

The title conqx)und was synthesized in a manner similar to that of Example 1 firom 
(3,4-difluorophenyl)methanesulfonyl chloride and N-[2-(3-(S)-t- 

10 butyldimetfaylsilyloxy)pyrroUdin-l-yl)-l-(S)-phenylethyl]-N-methylamine. IR (film) 3450, 
1330 cnri. m NMR (free base) 8 7.38-7.00 (m, 8H), 5.21 (dd, J = 4.4, 11.4 Hz, IH), 4.35- 
4.30 (m, IH), 4.31 (d, J = 13.9 Hz, IH), 4.24 (d, J = 13.9 Hz, IH), 3.33-3.27 (m, IH), 3.30 
(dd, J = 11.4, 13.2 Hz, IH), 2.81-2.72 (m, 2H), 2.66 (dd, J = 4.4, 13.2 Hz. IH), 2,49 (s, 3H), 
2.40-2.13 (ni,3H), 1.87-1.74 (m, IH). 

15 Exanqjle 7 

Preparation of N-r2-f3-f SVhvdroxvDvrrolidin- 1-vlV 1-f SVphenvleth vll-N-methvl-(3.5- 
difluorophenvDmethanesulfonamide hydrochloride 

The title con^wund was synthesized in a manner similar to that of Example 1 from (3,5- 

difluorophenyl)methanesulfonyl chloride and N-[2-(3-(S)-t-butyldimethylsilyloxy)pyrrolidin- 
20 l-yl)-l-(S}-phenylethyl]-N-methylamine. IR (fUm) 3450, 1320, 1120 cm-i. iH NMR (free 

base) 5 7.39-7.29 (m, 3H). 7.23-7.19 (m, 2H), 6.89-6.74 (m, 3H). 5.23 (dd, J =4.0, 11.4 Hz. 

IH), 4.38 -4.33 (m, IH), 4.35 (d, J = 13.6 Hz, IH). 4.27 (d. J = l3.6Hz, IH), 3.35-3.25 (m, 

IH), 3.31(dd, J = 11.4, 12.8 Hz, IH), 2.81-2.73 (m, 2H), 2.66 (dd, J = 4.0, 12.8 Hz, IH), 

2.50 (s, 3H). 2.50-2.15 (m, 3H), 1.87-1.75 (m, IH). 
25 Example 8 

Preparation of N-f2-f3-fS>-hydroxypyrrolidin-l-yl>-l-(S)-phenylethyn-N-methvl-f2- 

acetylaminophenyDmethanesulfonamide hydrochloride 

The title compound was synthesized by acetylation of N-[2-(3-(S)-t- 
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butyldimethyisilyloxy)pynoIidin- 1-yl)- l-(S)-phenyiethyl-N-methy-(2- 
aminophenyl)methanesulfonainide in Example 4 as an intermediate with acetic anhydride in 
pyridine, followed by deprotecting t-butyldimethylsilyloxy group in a nj-mner similar to that 
of (vi). m (Nujol) 3350, 1675.1320. 1130 cm-i. iH NMR (free base) 8.78 (br.s, IH). 7.79 
5 (br.d, J = 7.7Hz, IH). 7.40-7.29 (ni. 4H). 7.26-7.15 (m, 2H), 7.10-6.99 (m, 2H). 5.24 (dd, J 
=4.4. 11.4 Hz. IH). 4.45 (d, J = 13.9 Hz. IH). 4.35-4.30 (m, IH), 4.33 (d. J = 13.9Hz. IH). 
3.31-3.23 (m. IH), 3.31(dd, J = 11.4, 12.8 Hz. IH). 2.78 (d, J = 2.9Hz. 2H). 2.71 (dd, J = 
4.4. 12.8 Hz, IH), 2J5 (s, 3H), 2.35-2.13 (m, 3H). 2.21( s, 3H), 1.85-1.75 (m, IH). 

Example 9 

10 Preparation of N-f 2-f3-(S)-hvdroxvpvnolidin- 1 -vlV 1-f SVphenvlethyn-N-methvl-f 2- 
methanesulfonylaminophenvD-methanesulfonamide hydrochloride 

The title compound was synthesized by treatment of N-[2-(3-(S)-t- 
butyldimethylsilyloxy)pynolidin- 1-yl)- l-(S)-phenylethyl-N-methy-(2- 
aminopbenyl)methanesulfonamide in Example 4 as an intermediate with methane sulfonic 

15 anhydride, followed by deprotecting i-butyldimethylsilyloxy group in a manner similar to 
that of (vi). m (Nujol) 3550. 3250. 1320. 1310. 1140. 1125 cm-i. »H NMR (free base) 6 
7.51 (dd, J = 1.1, 8.1Hz, IH), 7.40-7.18 (m, 9H), 5.23 (dd, J =3.7, 11.7 Hz, IH). 4.76 (d. J 
= 13.9 Hz. IH). 4.40-4.32 (m, IH), 4.30 (d, J = 14.3Hz. IH), 3.37 (dd. J = 11.7. 12.8Hz, IH), 
3.25-3.17 (m, IH), 3.10 (s, 3H), 2.83-2.73 (m, 2H). 2.66 (s, 3H), 2.65 (dd, J = 3.7. 12.8Hz, 

20 IH). 2.35-2. 1 1 (m, 3H), 1.88-1.77 (m, IH). 

Example 10 

Preparation of N-f2-G-(S)-hvdroxvpvrrolidin- 1 -vD- l-(S)-phenvlethvn-N-methvl-f4- 
cyanophenvD-methanesulfonamide hydrochloride 

The title compound was synthesized in a manner similar to that of Example 1 from (4- 
25 cyanophenyl)methanesulfonyl chloride and N-(2-(3-(S)-t-butyldimethyIsilyloxy)pyrrolidin- 
l-yl)-l-(S>phenylethyl]-N-methylamine. IR (film) 3500, 2230. 1330. 1 130 cm-i. m NMR 
(free base) 5 7.60 (d, J = 8.4Hz, 2H), 7.42 (d, J = 8.4Hz, 2H), 7.39-7.31 (m, 3H). 7.20-7.13 
(m, 2H), 5.21 (dd. J =4.0, 1 1.4 Hz, IH). 4.46 (d, J = 13.5 Hz, IH), 4.37-4.31 (m. IH), 4.34 
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(d. J = 13.5Hz. IH). 3.32 (dd. J = 11.7. 12.8Hz. IH). 3.36-3.30 (m, IH). 2.82 (br.d. J = 
9.5Hz, IH). 2.74 (dd. J = 4.4. 9.9Hz. IH). 2.66 (dd, J = 4.0, 12.8Hz. IH). 2.52 (s. 3H), 2.28- 
2.15(in,3H), 1.88-1.75 (m, IH). 

Example 1 1 

^ ^^P^^°° N-r2-(3-(S>hvdroxvDvnolidin-l-vl Vi.fSVDhenvlerhvn-N-methvl.f4- 

methoxvcarbon vlDhenvlVmethanesulfonaniidehvdrochlnridft 

The tifle compound was synthesized in a manner similar to that of Exanqjle 1 from (4- 
methoxycarbonylphenyDmethanesulfonyl chloride and N-[2-(3-(S)-t- 

butyldimethylsilyloxy)pyrrolidin-l-yl)-l-(S)-phenyJethyl]-N-methylamine. IR (film) 3500. 
1720. 1330. 1 1 15 cm-i. IH NMR (free base) 5 7.97 (d. J = 8.4Hz. 2H). 7.35 (d. J = 8.4Hz. 
2H). 7.32-7.29 (m. 3H), 7.18-7.13 (m. 2H). 5.20 (dd, J =4.4. 11.0 Hz. IH). 4.40 (d, J = 13.9 
Hz, IH), 4.37-4.28 (m, IH), 4.34 (d, J = 13.9Hz, IH). 3.92 (s. 3H), 3.32-3.23 (m, 2H), 2.80- 
2.71 (m, 2H), 2.67 (dd, J = 4.4. 12.8Hz, IH), 2.47 (s. 3H). 2.55-2.35 (m. IH). 2.29-2.12 (m, 
2H). 1.87-1.74 (m, IH). 

Example 12 

2f N-r2-(3-(SVhvdroxvpvrrolidin.1.v n.i.(SVnhenvlP.fhvll-N-methvl. 

Phenvlmethanesulfonamide hydrochloride 

The tiUe compound was synthesized in a manner simUar to that of Example 1 from 
phenylmethanesulfonyl chloride and N-[2-(3-(S>t-butyldimethylsilyloxy)pyTTolidin-l-ylM- 
(S>phenylethyl]-N-methylamine. IR (KBr) 3350. 1330. 1155, 1125 cm-i. iH NMR (free 
base) 5 7.35-7.20 (m, 8H). 7.18-7.08 (m, 2H). 5.18 (dd. J = 4.4. 10.8 Hz. IH). 4.30 (s. 2H). 
4.29(brs. IH). 3.35-3.20 (m, 2H), 2.80-2.68 (m. 3H), 2.48 (s, 3H), 2.30-2.10 (ra, 2H). 1.85- 
1.70 (m. 2H). 

Example 13 

Preparation of N-f2-(3-fS>-hvdroxvpvrTOlidin-l .vlVl.fSVnhenvlethvn-N-methvl-f3- 

bromoDhenynm ethanesulfonamide hydrochloride 

The tiUe compound was synthesized in a manner similar to that of Example 1 from (3- 
bromophenyDmethanesulfonyl chloride and N-[2-(3-(S)-t-butyldimethylsilyloxy)pyrToIidin- 



20 



wo 94/18165 PCT/JP94/00118 

-17- 

l-yl)-l-(S)-phenylethyl]-N-inethylamine. IR (KBr) 3350. 1330. 1155. 1125 cm-i. iH 
NMR (free base) 5 7 J5-7.15 (m. 9H), 5.21 (dd. J = 4.4. 1 1.4 Hz. IH). 4.35 (brs. IH). 4.28 
(s. 2H). 3.35-3.20 (m, 2H). 2.80-2.72 (m. 2H). 2.68 (dd. J = 4.4. 12.8 Hz. IH). 2.47 (s. 3H). 
2.35-2.10 (m, 3H), 1.87-1.75 (m. IH). 
5 Exanq)]e 14 

Preparation of N-r2-f3-(S)-hvdfDxvpvrrolidin- 1-vlV l-fSVDhenvlethvn-N-inethvl-f4- 
methylphenvDmethanesulfonamide hydrochloride 

The title conqwund was synthesized in a manner similar to that of Exan:q)le 1 from (4- 
methylphenyOmethanesulfonyl chloride and N-[2-(3-(S)-t-butyldimethyIsilyloxy)pyrrolidin- 
10 l-yl>l-(S)-phenylethyl]-N-methylamine. IR (KBr) 3350. 1330. 1155, 1125 cm-i. iH NMR 
(free base) 5 7.38-7.25 (m, 4H). 7.20-7.05 (m. 5H). 5.17 (dd. J = 4.8. 10.6 Hz. IH). 4.28 
(brs. IH). 4.25 (s. 2H). 3.35-3.15 (m. 2H). 2.80-2.64 (m. 3H). 2.48 (s. 3H). 2.36 (s. 3H). 
2.30-2.10 (m. 2H). 1.90-1.70 (m. IH). 1.65 (brs. IH). 

Exaiq>le 15 

15 Preparation of N.f 2-(3-fSVhvdfoxvpvrrolidin-l-vlVl-(SVphenviethvn-N-methvl.2- 
naphthvlmethanesulfonamide hydrochloride 

The tide conqwund was synthesized in a manner similar to that of Exanq)le 1 from 2- 
n^hthyhnethanesulfonyl chloride and N-[2-(3-(SM-butyldimethylsilyloxy)pynolidin-l-yl)- 
l-(S>phenylethyl]-N-metiiylamine. rap : 235.3-236.1 'C. IR (KBr) 3350, 1340, 1 155. 1 125 

20 cm-». iH NMR (free base) 5 7.90-7.70 (m, 3H). 7.65-7.42 (m. 4H). 7.30-7.22 (m. IH). 7.16 
(t, J = 7.3 Hz. 2H). 7.04 (d, J = 7.7 Hz. 2H), 5.17 (dd, J = 4.8, 10.6 Hz. IH). 4.46 (s, 2H), 
4.29 (bis. IH). 3.35-3.14 (m, 2H). 2.82-2.63 (m. 3H). 2.46 (s. 3H). 2.30-2.10 (m, 2H). 1.90- 
1.55 (m, 2H). 

Exaiaplc 16 

25 Preparation of N-f 2-f3-f S Vhvdroxvpvrrolidin- 1 -yl V 1 -f S Vohenvlethyn-N-metiivl-f 2- 
iodophenyDmethanesulfonamide hydrochloride 

The tide conqxjund was synthesized in a manner similar to that of Example 1 from (2- 
iodophenyOmetiianesulfonyl chloride and N-[2-(3-(S)-t-butyldimethylsilyloxy)pyrroIidin-l- 
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yl)-l-(S)-phenyletliyl]-N-methylaniine. mp: 191.7-192.5 'C. [a]^2S = +$6.0* (MeOH, 
c=1.0). IR (KBr) 3250. 1330. 1155. 1125 cm-i. iH NMR (free base) 5 7.87 (d, J =l.lHz. 
IH). 7.84 (d. J = l.lHz. IH), 7.40-7.23 (m. 4H). 7.18-7.10 (m. 2H), 7.08-7.00 (m, IH). 5.16 
(dd, J = 4.9. 10.8 Hz. IH). 4.55 (d, J = 14.3Hz. IH). 4.49 (d, J = 13.9Hz. IH). 4.27 (brs. 
5 IH). 3.35-3.18 (m, 2H). 2.80-2.65 (m, 3H). 2.72 (s. 3H). 2.25-2.14 (m. 2H). 1.85-1.70 (m, 
IH), 1.60 (brs, IH). 

Example 17 

Preparation of N-f2-f3-fSVh vdroxvpvrrolidin-l-vlVl-f5;VphenvlethvI1-N-methvl-f4- 

nitrophenvDmethanesulfonamide hydrochloride 

0 The tide conqwund was synthesized in a manner similar to that of Example 1 fiom (4- 
nitrophenyOmethanesulfonyl chloride and N-[2-(3-(S)-t-butyldimethylsUyloxy)pyrroUdin-l- 
yl>l-(S)-phenylethyl]-N-methylamine. IR (KBr) 3350. 1525, 1350. 1320. 1155. 1125 cm-». 
»H NMR (free base) 5 8.16 (d, J = 8.8 Hz. 2H). 7.49 (d. J = 8.8 Hz. 2H). 7.37-7.30 (m, 3H), 
7.28-7.15 (m. 2H), 5.23 (dd, J = 4.0. 11.4 Hz. IH). 4.51 (d. J = 13.6 Hz, IH). 4.39 (d. J = 

5 13.6 Hz. IH), 4.37 (brs, IH), 3.40-3.25 (m. 2H). 2.90-2.75 (m. 2H). 2.67 (dd, J = 4.2. 13.0 
Hz, IH). 2.53 (s. 3H), 2.30-2.10 (m, 3H), 1.90-1.75 (m, IH). 

Example 18 

PreparaUon of N-r2-f3-fS)-h vdroxvDvrrolidin- 1 -vlV 1-f ■S).Dhenvlethvn-N-methvl-r4- 

trifluoromethvIphenvlVmethanesulfonamide hydrochloride 
) The title conqx)und was synthesized in a manner similar to that of Example 1 &om (4- 

trifluoromethylphenyl)methanesulfonyl chloride and N-[2-(3-(S)-t- 

Butyldimethylsilyloxy)pyrrolidin-l-yl>l-(S>phenylethyl]-N-methylainine. IR (KBr) 3350. 
1325, 1 160, 1 125 cm-». iH NMR (free base) 5 7.58 (d. J = 8. 1 Hz. 2H). 7.41 (d, J = 8. 1 Hz, 
2H). 7.35-7.28 (m. 3H). 7.18-7.05 (m. 2H). 5.18 (dd, J = 4.2. 11.2 Hz. IH). 4.42 (d. J = 

1 13.9 Hz, IH). 4.34 (d, J = 13.6 Hz. IH). 4.33 (brs. IH), 3.39-3.20 (m, 2H). 2.88-2.64 (m. 
3H). 252 (s. 3H). 2.36 (brs. IH). 2.30-2.10 (m, 2H). 1.90-1.75 (m. IH). 

Example 19 

PreparaUon of N-r2-f3-f S)-hvdroxvnvrrolidin-l-vlVl-fSVDhenvlethvn-N-methvl-f3- 
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methoxvDhenvnmethanesulfonamide hydrochloride 

The tiUe compound was synthesized in a manner similar to that of Example 1 from (3- 
methoxyphenyl)methanesulfonyl chloride and N-[2-(3.(S)-t- 

butyldimethylsiIyloxy)pyrroUdin-l.yl)-l.(S>phenylethyl]-N-methylamine. IR (KBr) 3350, 
5 1330, 1155, 1125 cm-i. m NMR (free base) 5 7.38-7,20 (m, 4H), 7.18-7.10 (m, 2H), 6.92- 
6.80 (m, 3H), 5.19 (dd, J = 4.8, 11.0 Hz. IH), 4.30 (brs, IH), 4.28 (s, 2H), 3.75 (s, 3H). 
3.35-3.20 (m, 2H), 2.85-2.65 (m. 3H). 2.49 (s, 3HX 2.30-2.10 (m, 2H), 1.90-1.60 (m, 2H). 

Exan?)le 20 

Preparation of N-r2-f3-fSVft -butvldimethvlsilvloxv)pvrroIidin-l-vlVl-fSVphenvlethvn-N- 
10 methvl-f2-chlorophenvltoethanesulfonamide 

The tiUe conqwund was synthesized in a manner similar to that of Example 1 from (2- 
chlorophenyOmethanesulfonyl chloride and N-[2-{3-(S)-t-butyldimethylsilyloxy)pyrrolidin- 
l-yl)-l-(S)-phenylethyl]-N-methylamine. 

(2-ailorophenyl)methanesulfonyl chloride 
15 IR (film) 1375, 1 17U 1055, 1038 cm-i. m NMR 5 7.63-7.25 (m, 4H), 5.12 (s, 2H). 

N-[2-(3-(S)-(t-Butyldimethylsilyloxy)pyrroUdin-l-yl)-l-(S)-phenylethyl]-N-methyl-(2- 
chlorophenyl)methanesulfonamide 

IR (KBr) 1330. 1259. 1148, 1031 cm-i. iH NMR 5 7.60-7.55 (m, IH), 7.46-7.28 (m, 8H). 
5.33 (dd. J = 4.4. 10.8 Hz, IH). 4.83 (d, J = 13.9 Hz. IH). 4.56 (d, J = 13.9 Hz, IH). 4.44- 
4.36 (m. IH). 3.28 (dd. J = 10.6, 12.8 Hz, IH). 3.16-3.02 (m. 2H). 2.80 (dd, J = 4.4, 12.8 
Hz, IH), 2.71 (s. 3H). 2.60-2.50 (m. 2H), 2.23-2.08 (m, IH). 1.84-1.70 (m, IH). 0.83 (s. 9H). 
0.02. 0.00 (two's. 6H). 

Exan:5)le 21 

PreparaUon of N-f2-f3-fSHt-butvldimethvlsilvloxv)pvrrblidin-l-vlVl-fS>-phenvlethvn-N- 
25 methvl-f3-chiorophenvl)methanesulfonamide 

The tiae compound was synthesized in a manner similar to that of Example 1 from (3- 
chlorophenyl)methanesulfonyl chloride and N-[2-(3-(S)-t-butyldimethylsilyloxy)pyrrolidin- 
l-yl)-l-(S)-phenylethyl]-N-methylamine. 
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(3-Chlorophenyl)methanesulfonyl chloride 
IR (film) 1374. 1 168, 1035 cm-'. »H NMR 6 7.50-7.26 (m. 4H). 4.83 (s. 2H). 

N-[2-(3-(S)-(t-Butyl(liinethylsilyloxy)pyrroUdin-l-yI)-l-(S>phenylethyl]-N-methyI-(3- 
chIorophenyl)methanesulfonanilde 

IR (film) 1472. 1329. 12X 1139. 1035 cm-i. iH NMR 5 7.43-7.25 (m. 9H). 5.34 (dd, J = 
3.7. 11.4 Hz, IH). 4.47 (AB quartet. J = 13.6 Hz. 2H). 4.44-4.35 (m, IH). 3.33 (dd. J = 
11.7. 12.5 Hz. IH). 3.23-3.12 (m, IH). 2.98 (dd, J = 5.7. 9.9 Hz. IH). 2.72-2.60 (m. 2H). 
2.53-2.42 (m. IH), 2.38 (s, 3H). 2.23-2.10 (m. IH). 1.84-1.70 (m. IH). 0.80 (s. 9H). -0.01. - 
0.02 (two's. 6H). 

Exan5)le 22 

PreparaQon of N-r2-n-fSVrt-butvlrtim,.t hvlsilvloxv^nvTmHdin.l.vn-l-rsVphenvlethvl1.N. 
methvl-f4-chlor ophenvnmethanesulfQnamitlft 

The tiOe compound was synthesized in a manner similar to that of Example 1 &om (4- 
chlorophenyDmethanesulfonyl chloride and N-[2-(3-(S)-t.butyldimethylsilyloxy)pynDlidin- 
15 l-yl)-l-(S)-phenylethyl]-N-methylamine. 

(4-Chlorophenyl)methanesulfonyl chloride 
m (film) 1490.1359. 1 151 cm-i. m NMR 8 7.42 (brs. 4H). 4.83 (s. 2H). 

N-(2-(3-(S)-(t-Butyldimethylsayloxy)pyrroUdin-l-yl)-l-(S)-phenylethyl>N-methyl-(4- 
chlorophenyl)methanesulfonamide 

IR (KBr) 1325. 1137, 1030 cm-i. IH NMR 5 7.4-7.3 (m. 9H). 5.35 (dd. J =3.1. 11.4 Hz. 
IH), 4.50 (AB quartet, J = 13.6 Hz. 2H). 4.45-4.35 (m, IH), 3.38 (t, J = 12.5 Hz. IH). 3.28- 
3.18 (m, IH). 2.94 (dd, J = 5.5. 9.9 Hz, IH). 2.6 (dt, J = 3.1, 12.9 Hz, 2H). 2.50-2.37 (m, 
4H), 2.25-2.10 (m, IH). 1.85-1.70 (m, IH). 0.80 (s. 9H), -0.01 (s. 6H). 

Example 23 

.Preparaaon of N-r2-r3-fSVft-hntvlrii methvlsilvloxv^pvrrolidin-l-vlVl-fSVDhenvlethYll-N- 
methvl-f2.3 -dichloroDhenvnmethanesulfonamide 

The aue compound was synthesized in a manner simUar to that of Example 1 from 
(2,3-dichlorophenyl)methanesulfonyI chloride and N-[2-(3-(S)-t- 
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butyIcliinethylsilyloxy)pyrrolidin- l-yl> l-(S)-phenylethyl]-N-methylaniine. 

(23-Dichlorophenyl)metlianesulfonyl chloride 
IR (film) 1428. 1372. 1167. 1035 cm-i. IH NMR 6 7.60 (dd. J = 1.5. 7.7 H7_ IH). 7.52 (dd. 
J = 1.5, 7.7 Hz. IH), 7.32 (t, J = 7.7 Hz. IH). 5.16 (s, 2H). 

5 N-[2-(3-(S)-(t-ButyIdimethylsilyloxy)pyrrolidin-l-yl)-l-(S)-phenylethyl]-N-methyl- 
(23-dichlorophenyl)methanesulfonaniide 

IR (film) 1426. 1330. 1254, 1140. 1035 cm-i. iH NMR 5 7.46 (dd. J = 1.6, 7.7 Hz, IH). 
7.43 (dd. J = 1.6, 7.7 Hz. IH). 7.36-7.28 (m. 5H). 7.19 (t. J = 7.7 Hz. IH). 5.30 (dd. J = 
4.0, 11.0 Hz, IH), 4.87 (d, J = 13.6 Hz, IH), 4.58 (d. J = 13.6 Hz. IH), 4.40-4.32 (m. IH), 
10 3.35 (dd. J = 11.0. 13.2 Hz, IH), 3.10 (q like, J = 6.2 Hz, IH), 2.99 (dd. J = 5.5. 9.5 Hz. 
IH). 2.74 (dd, J = 4.0. 13.2 Hz. IH). 2.68 (s, 3H), 2.54 (dd. J = 1.6, 9.5 Hz. IH), 2.50-2.40 
(m, IH), 2.18 -2.03 (m, IH). 1.80-1.67 (m, 2H). 0.77 (s. 9H). -0.03. -0.05 (two's. 6H). 

Exanq)Ie24 

PreparaUon of N-r2-G-('SV ft-butvIdimethvlsilvloxv">pvrrolidin-l-vn-l.fS)-Dhenvlethvn-N- 
15 methvl-f2.4-dichloroDhenvl)metha nesiilfonaniiflft 

The title compound was synthesized in a manner similar to that of Example 1 fiom 
(2,4-dichlorophenyl)methanesulfonyI chloride and N-[2-(3-(S)-t- 

butylduiiethylsilyloxy)pyrrolidln-l-yl)-l-(S)-phenylethyl]-N-methylamine. 
(2,4-Dichlorophenyl)methanesulfonyl chloride 
20 IR (film) 1475. 1378. 1 170 cm-«. iH NMR 8 7.57-7.52 (m. 2H). 7.44-7.38 (m, IH). 5.07 (s, 
2H). 

N-[2-(3-(S)-(t-ButyldimethylsiIyloxy)pyrrolldin-l-yl)-l-(S>phenylethyl]-N-methyl- 
(2,4-dichlorophenyl)methanesulfonainide 

IR (film) 1473, 1331. 1249. 1 140. 1035 cm-i. iH NMR 5 7.48 (d, J = 8.4 Hz. IH). 7.43 (d. J 
25 = 2.2 Hz, IH), 7.36-7.28 (m. 5H). 7.24 (dd. J = 2.2. 8.4 Hz, IH), 5.29 (dd, J = 4.0, 1 1 .4 Hz. 
IH). 4.77 (d. J = 13.8 Hz. IH), 4.48 (d. J = 13.8 Hz, IH). 4.40-4.32 (m, IH). 3.29 (dd, J = 
1 1.4. 12.8 Hz. IH). 3.10 (q like, J = 6.6 Hz, IH). 2.97 (dd, J = 5.5. 9.5 Hz, IH), 2.72 (dd, J 
= 4.0, 12.8 Hz. IH). 2.66 (s, 3H). 2.56 (dd. J = 1.6. 9.5 Hz. IH). 2.50-2.40 (m. IH). 2.20- 
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2.02 (m. IHX 1.82-1.68 (m, 2H), 0.79 (s. 9H), -0.02, -0.04 (two*s, 6H). 

Exan^le 25 

Preparation of N -r2-f3-fSVft-butvldimet hvlsilv loxv)DvrTOlidin-l-vlVl-fSVDhenvlethvn-N- 
methvl-f2,6-dichlorophenvl)methanesulfonamide 
5 The title compound was synthesized in a manner similar to that of Example 1 from 

(2,6-dicfalorDphenyl)methanesulfonyl chloride and N-[2-(3-(S)-t- 

butyldimethylsiIyloxy)pyrrolidin- 1-yl)- l-{S>phenylethyI]-N-methylamine. 

(2,6-Dichlorophenyl)methanesulfonyl chloride 
IR (film) 1439, 1378. 1213, 1173, 1131, 1094 cm-i. iH NMR 5 7.46 (d, J = 9.2 Hz, IH), 
10 7.45 (d, J = 6.6 Hz, IH), 7.36 (dd, J = 6.6, 9.2 Hz. IH), 5.44 (s, 2H). 

N-[2-(3-(S>{t-Butyldiniethylsilyloxy)pyn-oUdin-l-yl>l-(S)-phenylethyl]-N-^ 
(2,6-dichlorophenyl)niethanesulfonamide 

IR (KBr) 1436, 1331, 1139, 1038 cm-i. iH NMR 5 7.42-7.28 (m, 7H), 7.19 (dd, J = 7.3, 8.8 
Hz, IH), 5.35 (dd, J = 3.7. 11.4 Hz. IH), 4.98 (d, J = 14.1 Hz, IH), 4.74 (d, J = 14.1 Hz, 
15 IH). 4.43-4.33 (m, IH). 3.35 (dd, J = 11.4, 12.8 Hz, IH), 3.15 (q like, J = 6.6 Hz, IH), 3.07 
(dd, J = 5.9, 9.5 Hz, IH). 2.78 (s, 3H), 2.74 (dd, J = 3.7, 12.8 Hz, IH), 2.58-2.43 (m, 2H), 
2.20-2.04 (m, IH), 1.86-1.76 (m, 2H), 0.78 (s. 9H), -0.01, -0.04 (two's, 6H). 

Example 26 

Preparation of N-r2-f 3-f S Vf t-bu tvldimethvlsil vlox v)Dvrrolidin- 1-vlV I-f S Vohen vlethvll-N- 
20 methvl-f3.5-dichlorophenvl)methanesulfonamide 

The title conqwund was synthesized in a manner similar to that of Example 1 from 
(3,5-dichlorophenyl)methanesulfonyl chloride and N-[2-(3-(S>t- 

butyldimethylsilyloxy)pyrrolidin-l-yl)-l-(S)-phenylethyl]-N-methylamine. 
(3,5-Dichlorophenyl)methanesulfonyl chloride 
25 IR (KBr) 1365, 1 174 cm-i. iH NMR 5 7.49 (t, J = 1.8 Hz, IH), 7.39 (d, J = 1.8 Hz, 2H), 
4,79 (s, 2H). 

N-[2-(3-(S)-(t-Butyldimethylsilyloxy)pyrrolidin-l-yl)-l-(S>phenylethyl]-N-methyl- 
(3,5-dichlorophenyl)methanesulfonamide 
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m (KBr) 1323, 1136, 1033 cm-i. iH NMR 5 7.36-7.26 (m, 8H), 5.31 (dd, J = 3.7, ILO Hz, 
IH). 4.52 (d, J = 13.6 Hz. IH), 4.38 (d, J = 13.6 Hz, IH), 4.444.34 (m, IH), 3.30 (dd. J = 
11.0, 12.8 Hz, Ihj, 3.22-3.10 (m, IH), 2.70-2.60 (m, 2H), 2.48-2.36 (m, IH). 2.41 (s, 3H), 
2.22-2.08 (m, IH), 1.84-1.70 (m, 2H), 0.81 (s. 9H), 0.00, -0,02 (two's, 6H). 
5 Example 27 

Preparation of N-r2-f3-fSVft-butvldiinethvlsilvloxvlpvrrolidin-l-vlVl-fSVDhenvlethvn-N- 
methvI-f2.5-dichlorophenvI)-methanesulfonamide 

The title conqjound was synthesized in a manner similar to that of Exan:5)le 1 from 
(2^-dichlorophenyl)methanesulfonyl chloride and N-[2-(3-(S)-t- 

10 butyldimethylsilyloxy)pyrrolidin-l-yl)-l-(S)-phenylethyl]-N-methylamine. 

(2,5-Dichlorophenyl)methanesulfonyl chloride 
IR (KBr) 1472, 1362, 1 170, 1 150 cm-i. iH NMR 5 7.60 (d. J = 2.2 Hz. IH), 7.43 (d. J = 8.8 
Hz. IH), 7.40 (dd, J = 2.2. 8.8 Hz, IH), 5.06 (s, 2H). 

N-[2-(3KS)-{t-Butyldimethylsilyloxy)pyrroUdin-l-yl)-l-(S)-phenylethyl]-N-methyl- 

15 (2.5-dichlorophenyl)methanesulfonamide 

IR (KBr) 1471, 1332. 1253. 1140 cm-i. m NMR 5 7.59 (d, J = 2.2 Hz, IH), 7.38-7.29 (m, 
6H), 7.23 (dd, J = 2.2, 8.4 Hz, IH). 5.34 (dd, J = 3.7, 11.4 Hz, IH), 4.82 (d, J = 13.5 Hz, IH), 
4.53 (d. J = 13.5 Hz. IH), 4.42-4.53 (m. IH), 3.33 (dd, J = 11.4. 13.0 Hz. IH). 3,17 ( q like. J 
= 6.0 Hz, IH), 2.97 (dd, J = 4.0, 9.5 Hz. IH). 2.71 (dd. J = 3.7, 13.0 Elz, IH). 2.64-2.56 (m, 

20 4H), 2.50-2.40 (m. IH). 2.21-2.06 (m, IH). 1.82-1.68 (m, 2H), 0.78 (s. 9H), -0.03. -0.04 
(twoX6H). 

Exanqjie 28 

Preparation of N-f2-f3-(SVft-butvldimethvlsilvloxv)pvrrolidin-l-vlVl-fS)-phenvlethvll-N- 
methvl-(23,6-trichlorophenvl)-methanesulfonamide 
25 The title compound was synthesized in a manner similar to Example 1 from (2.3,6- 

trichlorophenyOmethanesulfonyl chloride and N-[2-(3-(S>t- 

butyldiniethylsilyloxy)pyrrolidin-l-yl>l-(S)-phenylethyl]-N-methylamine. 
(2,3,6-Trichlorophenyl)methanesulfonyl chloride 
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IR (film) 1440. 1382. 1189 cm-i. »H NMR 5 7.54 (d. J = 8.8 Hz. IH). 7.41 (d. J = 8.8 Hz. 
IH). 5.47 (s, 2H). 

N-[2-(3-(S)-(t-ButyIdiniethylsiIyloxy)pyrroUdin-l-yl>l-(S)-phenylethyI]-N-inethyl- 
(2.3,6-trichlorophenyl)methanesulfonaniide 
5 IR (KBr) 1435. 1328. 1 140. 1039 cm-i. iH NMR 5 7.39 (d, J = 8.8 Hz. IH). 7.38-7.34 (m. 
5H). 7.30 (d. J = 8.8 Hz. IH). 5.35 (dd. J = 3.7, 11.4 Hz. IH). 5.05 (d. J = 14.3 Hz. IH). 
4.78 (d, J = 14.3 Hz. IH). 4.44-4.36 (m. IH). 3.35 (dd, J = 11.4, 13.2 Hz, IH). 3.19 (q like. 
J = 6.6 Hz. IH). 3.02 (dd, J = 5.5, 9.5 Hz. IH). 2.79 (s. 3H), 2.73 (dd, J = 3.7. 13.2 Hz. 
IH). 2.58 (dd. J = 1.6. 9.5 Hz, IH). 2.50-2.40 (m, IH), 2.20-2.04 (m, IH). 1.86-1.74 (m. 
10 2H). 0.77 (s, 9H). -0.02, -0.04 (two's. 6H). 

Example 29 

Preparation of N-r2-f3-fSVhvdroxvDvrrolidin .l.vlVl.rSVp hP. nvlethvn-N.methvl-(4- 

methanesulfonvlDhenvD-methanesulfonamide 

The tide conqwund was synthesized in a manner simUar to that of Example 1 ftom (4- 
15 methanesulfonyljAenyOmethanesulfonyl chloride and N-[2-(3-(S>t- 

butyldiinethylsUyloxy)pyrn)Udin-l-yl>l-(S>phenylethyl]-N-methylamine. 

N-(2-(3-(S>hydroxypyrroUdin-l-yl)-l-(S)-phenylethyl]-N-inethyl-(4. 
niethanesulfonylphenyl)methanesulfonamide 

IR (KBr) 3320. 1330. 1300. 1150 cm-J. iH NMR 5 7.90 (d. J = 8.4 Hz, 2H). 7.54 (d, J = 8.4 
20 Hz. 2H). 7.40-7.18 (m, 5H). 5.24 (dd. J = 4.2. 1 1.4 Hz, IH), 4.53 (d, J = 13.6 Hz. IH). 4.36 
(d. J = 13.6 Hz. IH). 4.40-4.30 (m, IH). 3.40-3.28 (m. 2H). 3.06 (s. 3H). 2.86-2.75 (m, 2H), 
2,70 (dd, J = 4.2. 13.0 Hz. IH). 2.56 (s. 3H), 2.35-2.15 (m, 2H). 1.90-1.55 (m, 2H). 

Example 30 

Preparation of N-r2-f3-fSVhv droxvDvrrolldin-l-vIVl-fSVnhenvlethvn-N-methvl-r4- 

25 trifluoromethoxvDhenvD-methanesulfonamide 

The tide conqwund was synthesized in a manner similar to that of Example 1 from (4- 
methanesulfonylphenyl)methanesulfonyl chloride and N-[2-(3-(S>t- 

butyldimethylsilyloxy)pyrroUdin- 1-yl)- l-(S)-phenylethyl)-N-methylamine. 
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N-[2-(3-(S)-hydroxypyrT0Ucnn-l-yl)-l.(S>phenylethyl]-N-n^ 
trifluoromethoxyphenyOmethanesulfonamide 

IR (KBr) 3330, 2960, 1510, 1460, 1335, 1265, 122C, 1200, 1 160. 930 cmK m NMR 5 7.40- 
7.25 (m. 5H), 7.20-7.10 (m, 4H), 5.19 (dd, J = 4.4, 11.0 Hz, IH), 4.35 (d, J = 13.9 Hz, IH). 
5 4.28 (d, J = 13.6 Hz, IH), 4.40-4.25 (m, IH), 3.36-3.15 (m, 2H), 2.85-2.62 (m, 3H), 2.51 (s, 
3H), 2,28-2.10 (m, 2H), 1.90-1.55 (m, 2H). 

The conqwunds and their pharmaceutically acceptable salts have excellent activity as 
opioid K-receptor agonists. They are useful for the treatment and prevention of pain, asthma, 
scabies, psoriasis vulgaris or inflanunation, especially pain, in mammalian subjects, e. g., 
10 human subjects. 
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Claims 

(1) A compound having the chemical formula (I) 




(D 

5 and the pharmaceutically-acceptable salts thereof, 

wherein Ri is hydrogen, hydroxy. Cj-Q alkoxy. triCCi-Cg aIkyl)silyloxy or acyloxy; 

R2isC,-C6aIkyl;and 

At is optionally-substituted aryl. 

(2) A compound according to claim 1. in which Ar is phenyl, naphthyl. mono-substituted 
10 phenyl or mono-substituted naphthyl, wherein the substituent is selected from Cj-Q alkyl. 

Ci-Cfi alkoxy, halosubstituted (Ci-Cg) alkyl, halosubstituted (C,-C<j) alkoxy. C,.Q 
alkylsulfonyl. nitro. di (Ci-C^ alkylamino. mono(Ci-C<i) alkylamino monoacylamino. mono 
(Ci-Cg) alkylsulfonylamino and amino. 

(3) A compound according to claim 2. in which R» is hydrogen or hydroxy; R2 is methyl. 

15 (4) A compound according to claim 3. in which Ar is phenyl, naphthyl or substituted phenyl 
wherein the substituent is 2-chloro. 2-iodo. 2-nitro. 2-amino. 2-dimethylamino. 2- 
acetylamino. 2-methansulfonylamino. 3-bromo. 3-methoxy. 3-chloro, 4-chloro. 4-fluoro. 4- 
methyl. 4-nitro. 4-trifluoromethyl. 4-cyano. 4-methoxycarbonyI, 4-methansulfonyl. 4- 
trifluoromethoxy. 2.3-dichloro. 2.4-dichloro. 2.5-dichloro. 2.6-dichloro, 3.4-dlchloro. 3.5- 

20 dichloro, 3,4-difluoro, 3.5-dinuoro or 2,3.6-trichloro. 
(5) A compound according to claim 4, in which 
Ri is hydroxy; and 

Ar is substituted phenyl wherein Uie substituent is 4-methyl, 4-trinuoromethyI. 2.3- 
dichloro. 2.4-dichloro. 3.4-dichIoro or 2.3.6-trichIoro. 
25 (6) A conqwund or its pharmaceutically acceptable salt according to any one of claims 1 to 5. 
in which the carbon atom (Cl) is S-configuration or R-configuration. 
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(7) A phannaceulical composition for the treatment or prevention of pain in a mammalian 
subject which is characterized by conqjrising a compound according to any one of claims 1 
to 5 together with a pharmaceutically inert carrier. 

(8) A pharmaceutical composition for the treatment or prevention of asthma, scabies, 
5 psoriasis vulgaris or inflammation in a mammalian subject, which is characterized by 

conqyrising a conqwund according to any one of claims 1 to 5 together with a 
pharmaceutically inert carrier. 

(9) A method of treating or preventing pain, asthma, scabies, psoriasis vulgaris or 
inflammation in a mammalian subject, which comprises administering to said subject an 

10 effective amount of a compound according to claim 1. 

(10) A process for preparing a compound according to claim 1, which comprises reacting a 
conqx)und of the formula 




with ArCH2S03H in the presence of condensing agent or ArCH2S02Cl, 
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